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(57) ABSTRACT 

The present invention provides methods for fabrication of 
fin-type field effect transistors (FinFETs) and thick-body 
devices on the same chip using common masks and steps to 
achieve greater efficiency than prior methods. The reduction 
in the number of masks and steps is achieved by using 
common masks and steps with several scaling strategies. In 
one embodiment, the structure normally associated with a 
FinFET is created on the side of a thick silicon mesa, the 
bulk of which is doped to connect with a body contact on the 
opposite side of the mesa. The invention also includes 
FinFETs, thick-body devices, and chips fabricated by the 
methods. 

22 Claims, 35 Drawing Sheets 

  



U.S. Patent Jan. 16, 2007 

100 

Pattern the hardnasked 
semiconductor substrate 

for thin fins and thick 
eSaS 

101 

Etch substrate to form 
- 102 
thin fins and thick mesas 

Form gate structures on 10 
fins and mesas 4 

Dope N+ sources, 
drains, and gates on the 
fins and mesas of N-FET 106 

devices 

Dope P+ sources, drains, 
and gates on the fins and 107 
mesas of P-FET devices 

Form electrical contacts 
on the gates, sources 

and drains 
108 

FIG. 1A 

Sheet 1 of 35 US 7,163,851 B2 

Pattern the hardmasked 
semiconductor Substrate 

for thin fins and thick 
TES3S 

110 

Etch substrate to form 
thin fins and thick mesas 112 

Form gate structures on 
fins, single-active 

sidewall mesas, and 
other thick-body devices 

114 

Form N+ sources, 
drains, and gates on the 
fins and mesas of N-FET 

devices and body 
contacts on P-FET 

devices. 

118 

Form P+ sources, drains, 
and gates on the fins 

and mesas of P 
FETdevices and body 
contacts on N-FET 

devices. 

122 

Form electrica Contacts 
on the gates, sources, 

drains, and body 
Contacts 

124 

FIG. 1B 

    

    

  

  

  

  

    

    

    

  

    

  

  



U.S. Patent Jan. 16, 2007 Sheet 2 of 35 US 7,163,851 B2 

150- 17O 

Pattern the hard masked 
Semiconductor Substrate 

for thin fins and thick 
eSaS 

152 171 Pattern the hardmasked 
Semiconductor Substrate 

for thin fins and thick 
eSaS 

172 
Etch Substrate to form 154 

thin fins and thick mesas 
Etch Substrate to form 

thin fins and thick mesas 
with exposed silicon tops 

174 

Form gate structures on 
fins, on both sidewalls of 
the mesas, and On other 

thick-body devices 

Form gate structures on 
fins and mesa tops and 

sidewalls 

156 

175 

Form N+ sources, drains, 
Form N+ sources and and gates on the fins and 
drains On the fins and mesa tops of N-FET 

mesa sidewalls of N-FET 158 devices and on the body 
devices and on the body contacts of other types of 

Contacts Of P-FET P-FET devices. 
devices. 

176 

Form P+ sources, drains, 
P- SOUrCeS and and gates on the fins 

drains on the fins and and mesa tops of P 
mesa Sidewalls of P- FETodevices and on the 

FETodevices and on the 160 body contacts of other 
body contacts of N-FET types of N-FET devices. 

devices. 

Form electrical Contacts 
Form electrical Contacts on the gates, sources, 
On the gates, sources, 164 and drains 178 

drains, and body 
Contacts 

F.G. 1C F.G. 1D 

  

  

  

      

      

  

    

    

    

  



U.S. Patent Jan. 16, 2007 Sheet 3 Of 35 

180 
Pattern the hard masked 
SemiconductOf Substrate 

for thin fins and thick 
eS3S 

181 

182 
Etch Substrate to form 

thin fins and thick mesas 

Form gate structures on 
fins, mesa tops, and 

other thick-body devices 
183 

Form N+ sources and 
drains on the fins and 
mesa tops and body 

ContactS On the P-FET 
mesa tops 

184 

Form P-- sources and 
drains On P-FET fins and 
mesa topSS and body 
Contacts on the N-FET 

mesa tops. 
185 

Form electrical Contacts 
On the gates, Sources, 

drains, and body 
Contacts 

187 

F.G. 1E 

US 7,163,851 B2 

  

    

  

    

  

    

  

  

  



U.S. Patent Jan. 16, 2007 Sheet 4 of 35 US 7,163,851 B2 

  



U.S. Patent Jan. 16, 2007 Sheet 5 Of 35 US 7,163,851 B2 

  



U.S. Patent Jan. 16, 2007 Sheet 6 of 35 US 7,163,851 B2 

  



U.S. Patent Jan. 16, 2007 Sheet 7 Of 35 US 7,163,851 B2 

  



U.S. Patent Jan. 16, 2007 Sheet 8 of 35 US 7,163,851 B2 

S. 

  



Sheet 9 of 35 Jan. 16, 2007 U.S. Patent 

  



U.S. Patent Jan. 16, 2007 Sheet 10 Of 35 US 7,163,851 B2 

  



US 7,163,851 B2 Sheet 11 of 35 Jan. 16, 2007 U.S. Patent 

  



U.S. Patent Jan. 16, 2007 Sheet 12 Of 35 US 7,163,851 B2 

? 
O) 

CD 

  



U.S. Patent Jan. 16, 2007 Sheet 13 of 35 US 7,163,851 B2 

  



US 7,163,851 B2 Sheet 14 of 35 Jan. 16, 2007 U.S. Patent 

  



US 7,163,851 B2 Sheet 15 Of 35 Jan. 16, 2007 U.S. Patent 

  



U.S. Patent Jan. 16, 2007 Sheet 16 of 35 US 7,163,851 B2 

? 
CN 
V 

CD 
  



U.S. Patent Jan. 16, 2007 Sheet 17 of 35 US 7,163,851 B2 

O 
CN 

O 
  



US 7,163,851 B2 Sheet 18 Of 35 Jan. 16, 2007 U.S. Patent 

OOZ 

CIZ|. 'SD|-|| 

  



U.S. Patent Jan. 16, 2007 Sheet 19 Of 35 US 7,163,851 B2 

S 

s 
: 

  



U.S. Patent Jan. 16, 2007 Sheet 20 Of 35 US 7,163,851 B2 

8 

s 

: -O- 

CN 
O 
CN 
Y 

  



U.S. Patent Jan. 16, 2007 Sheet 21 Of 35 US 7,163,851 B2 

s -O- 

: -O- 

  



U.S. Patent Jan. 16, 2007 Sheet 22 Of 35 US 7,163,851 B2 

s -b- 

: -O- 

  



U.S. Patent Jan. 16, 2007 Sheet 23 Of 35 US 7,163,851 B2 

3. 

8 

: -o- 

  



U.S. Patent Jan. 16, 2007 Sheet 24 of 35 US 7,163,851 B2 

: -O- 

  



U.S. Patent Jan. 16, 2007 Sheet 25 Of 35 US 7,163,851 B2 

s 

-D 

  



US 7,163,851 B2 Sheet 26 of 35 Jan. 16, 2007 U.S. Patent 

  

  

  

  



U.S. Patent Jan. 16, 2007 Sheet 27 Of 35 US 7,163,851 B2 

OO 
O 
CN 

& S. 

3 

S 

  



U.S. Patent Jan. 16, 2007 Sheet 28 Of 35 US 7,163,851 B2 

S. 

  



U.S. Patent Jan. 16, 2007 Sheet 29 Of 35 US 7,163,851 B2 

  



U.S. Patent Jan. 16, 2007 Sheet 30 Of 35 US 7,163,851 B2 

  



U.S. Patent Jan. 16, 2007 Sheet 31 Of 35 US 7,163,851 B2 

S 

- 

  



US 7,163,851 B2 Sheet 32 Of 35 Jan. 16, 2007 U.S. Patent 

  



US 7,163,851 B2 Sheet 33 Of 35 Jan. 16, 2007 U.S. Patent 

  



US 7,163,851 B2 Sheet 34 of 35 Jan. 16, 2007 U.S. Patent 

  



US 7,163,851 B2 Sheet 35 of 35 Jan. 16, 2007 U.S. Patent 

  



US 7,163,851 B2 
1. 

CONCURRENT FIN-FET AND THICK-BODY 
DEVICE FABRICATION 

BACKGROUND OF THE INVENTION 

1. Technical Field 
The present invention relates generally to the field of 

semiconductor manufacturing and, more specifically, to 
methods of manufacturing thick-body devices on the same 
chip with fin-type field effect transistors (FETs). The present 
invention also relates to increasing the density of transistors 
on an integrated circuit chip and to fabricating thick-body 
devices such as, single-sidewall, body-contacted mesa 
FETs; double-sidewall, body-contacted mesa FETs; and 
planar mesa-top FETs. 

2. Background 
The need to remain cost and performance competitive in 

the production of semiconductor devices has caused con 
tinually increasing device density in integrated circuits. To 
facilitate the increase in device density, new technologies are 
constantly needed to allow the feature size of these semi 
conductor devices to be reduced. High device density also 
requires low-power operation. 

The push for ever increasing device densities is particu 
larly strong in CMOS technologies, such as in the design and 
fabrication of field effect transistors (FETs). FETs are used 
in almost all types of integrated circuit design (i.e., micro 
processors, memory, etc.). Fin-type field effect transistors 
(FinPETs) are low-power, high speed, vertically scaled 
transistors that can be densely packed on a chip. Vertical 
scaling involves creating a thin wall of semiconductor (the 
"fin") and creating the FET on the side of the wall. Thin 
typically refers to widths that are less than minimum litho 
graphic dimension. 

Unfortunately, FinFETs are not suitable for all purposes. 
Different applications require different transistor device 
behaviors. Thin devices such as FinFETs reach full depletion 
during operation. This is desirable for many applications. 
Different behavior is required for other applications. Thick 
body devices behave differently because they do not reach 
full depletion. 
Some applications could benefit from having FinfETs and 

thick-body devices on the same chip. This has been difficult 
to achieve economically because the manufacturing steps for 
FinFETs and thick-body devices are different. Currently, one 
entire set of masks must be created and the associated steps 
taken for FinFETs and then another entire set of masks 
created and steps taken for thick-body devices. The masks 
protect thin technology devices while forming thick-tech 
nology devices, or vice versa. The use of a great multiplicity 
of masks and steps is expensive. Thus, there is a need for 
improved methods of fabrication of integrated circuits that 
use both FinFETs and thick-body devices on the same chip. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention provides methods for 
fabrication of microelectronic circuit chips having fin-type 
field effect transistors (FinFETs) and thick-body devices on 
the same chip while using fewer masks and steps than prior 
methods. The reduction in the number of masks and steps is 
achieved by using common masks and steps with several 
Scaling strategies. In one embodiment, the structure nor 
mally associated with a FinFET is created on the side of a 
thick silicon mesa, the bulk of which is doped to form a body 
contact on the side of the mesa opposite the source and drain. 
The invention includes methods for concurrently fabricating 
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2 
FinFETs with single-sidewall mesa FETs, double-sidewall 
mesa FETs, mesa-top planar FETs and combinations thereof. 
The invention also includes FinFETs, thick-body devices, 
and chips fabricated by the methods. 

BRIEF DESCRIPTION OF DRAWINGS 

The preferred exemplary embodiment of the present 
invention will hereinafter be described in conjunction with 
the appended drawings, where like designations denote like 
elements, and 

FIG. 1A is a process flow chart showing exemplary steps 
of fabrication of embodiments of the invention without body 
COntacts; 

FIG. 1B is a process flow chart showing exemplary steps 
of fabrication of embodiments of the invention with body 
contacts such as for sidewall mesa FETs; 

FIG. 1C is a process flow chart showing exemplary steps 
of fabrication of an embodiment of the invention comprising 
fabrication of a double-sidewall mesa FET: 

FIG. 1D is a process flow chart showing exemplary steps 
of fabrication of an embodiment of the invention comprising 
a mesa-top planar FET: 

FIG. 1E is a flow chart of an example of an embodiment 
of a process for forming mesa-top FETs with body contacts; 

FIGS. 29B are views of an exemplary thick-body device 
during the steps of fabrication of an embodiment of a 
single-sidewall body-contacted mesa FET: 

FIG. 2 is a vertical section view of an exemplary silicon 
on-insulator substrate on a wafer having a hardmask: 

FIG. 3 shows an example of some results of the steps of 
patterning and etching the substrate to form a mesa: 

FIG. 4 shows an example of some results of the steps of 
growing a gate oxide, depositing gate material, and depos 
iting a gate mask: 

FIG. 5 shows an example of some results of the steps of 
opening the gate mask and etching the gate material as 
Viewed in a vertical section plane through the gate: 

FIG. 6 shows an example of some results of the steps of 
depositing a resist mask and doping the gate, source and 
drain; FIG. 6 contains two vertical section planes: one 
through the gate (for the gate, gate oxide, and mask) and 
another, nearer, plane through the drain region of the mesa 
(within the mesa); 

FIG. 7 shows an example of some results of the steps of 
removing the resist mask of FIG. 6, depositing a new resist 
mask, and doping the body, as viewed in two vertical section 
planes: one through the gate (for the gate, gate oxide, and 
mask) and another, nearer, plane through the drain region of 
the mesa (within the mesa); 

FIG. 8 shows an example of some results of the steps of 
removing the resist mask of FIG. 7, and forming a silicide, 
as viewed in two vertical section planes: one through the 
gate (for the gate, gate oxide, and silicide) and another, 
nearer, plane through the source region of the mesa (within 
the mesa); 
FIG.9A shows an example of some results of the steps of 

encasing the device in an oxide, planarizing the encasing 
oxide, patterning and etching the planarized oxide to form 
holes for electrical contacts, and filling the holes with 
electrical contact material, as viewed in two vertical sec 
tions: one through the gate (for the gate, gate oxide, elec 
trical contacts, and encasing oxide.) and another nearer 
plane through the source region of the mesa (within the 
mesa); FIG. 9A also defines a horizontal section plane A-A'; 

FIG. 9B shows an example of the device as viewed in 
horizontal section plane A A' as defined in FIG. 9A: 
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FIGS. 10-11D are views of exemplary thick-body device 
during the steps of fabrication of an alternate embodiment of 
the single-sidewall mesa FET of FIGS. 2–9B; 

FIG. 10 picks up where FIG. 4 left off and shows an 
example of some results of the steps of opening the gate 
mask and etching the gate material as viewed in a vertical 
section through the gate centerline; 

FIG. 11 shows an example of some results of the steps of 
removing the gate mask of FIG. 10, doping the gate, sources 
and drains as in FIG. 6, doping the body as in FIG. 7, and 
forming a silicide as in FIG. 8, as viewed in a vertical section 
plane through the gate centerline; 

FIG. 12A shows an example of some results of the steps 
of patterning the mesa hardmask and etching through the 
mesa hardmask to the body contact, encasing the device in 
oxide, patterning and etching the oxide to form holes for 
electrical contacts, and filling the holes with electrical con 
tact material; FIG. 12A defines two horizontal section planes 
A-A and B-B'; 

FIG. 12B is a view of horizontal section B-B' as defined 
in FIG. 12A; FIG. 12B defines vertical section plane F F", 
which is the plane of FIGS. 10–12A; 

FIG. 12C is a view of horizontal section A A' as defined 
in FIG. 12A; FIG. 12C defines vertical section plane D-D' 
and repeats F-F"; D-D' is the plane of FIG. 12D: F-F" shows 
the intersection with two electrical contacts not previously 
shown: 

FIG. 12D is a view of horizontal section D-D' as defined 
in FIG. 12C: 

FIGS. 13–18 are views of an exemplary fin FET and an 
exemplary planer mesa FET during the steps of fabrication 
of an embodiment of the invention; 

FIG. 13 shows a vertical section view of an example of 
Some results of the steps of patterning and etching exem 
plary substrate as from FIG. 2 to form a fin and a mesa: 

FIG. 14 shows a vertical section view of an example of 
Some results of the step of depositing a blocking mask over 
the fin and selectively etching the hardmask from the mesa: 

FIG. 15 is a vertical section view wherein the section 
plane is nearer the observer then the previous sections used 
for this embodiment, showing an example of some results of 
the steps of growing a gate oxide on the fin and the mesa and 
of ion implanting source and drain wells into the mesa and 
the fin; 

FIG.16 shows a vertical section view, wherein the section 
plane is through the center line of the yet-to-be-formed gate, 
of an example of Some results of the step of depositing gate 
material over the mesa and the fin; 

FIG. 17 shows a vertical section view, wherein the section 
plane is through the center line of the newly-formed gates, 
of an example of Some results of the steps of patterning and 
etching the gate material over the mesa and the fin; 

FIG. 18 shows a planar view, wherein the section plane is 
through the center line of the gates, of an example of some 
results of the steps of encasing the mesa and the fin in oxide, 
patterning and etching the oxide to form holes for electrical 
contacts, and filling the holes with electrical contact mate 
rial; 

FIG. 18A shows a planar view of an example of some 
results of forming a planar mesa FET with body contacts 
concurrently with a fin FET: 

FIG. 18B shows a planar view of an example of some 
results of forming a planar mesa FET with body contacts, 
and showing sectional view lines G-G and H-H for FIGS. 
18C and 18D respectively: 
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4 
FIG. 18C shows a vertical section (G-G') view of an 

example of some results of forming a planar mesa FET with 
body contacts; 

FIG. 18D shows a vertical section (H-H) view of an 
example of some results of forming a planar mesa FET with 
body contacts; 

FIGS. 19–26D are views of exemplary finand mesa FETS 
during the steps of fabrication of a body-contacted double 
sided mesa FET embodiment of the invention; 

FIG. 19 is a vertical section view of an exemplary 
silicon-on-insulator Substrate on a wafer having a hardmask 
comprising two layers; 

FIG. 20 shows an example of some results of the steps of 
patterning and etching the dual-layer hardmask to form a 
mesa and a fin; 

FIG. 21 shows an example of some results of the step of 
chemically undercutting the lower layer of the two hardmask 
layers to achieve a narrowing of the lower hardmask layer; 

FIG. 22 shows an example of some results of the step of 
removing the hardmask caps from the narrowed mesa and 
fin; 

FIG. 23 shows an example of some results of selectively 
etching the active layer of the substrate down to the insulator 
to further form the mesa and the fin; 

FIG. 24 shows an example of some results of the steps of 
forming a gate oxide and depositing gate material; 

FIG. 25A shows a plain view of some results of the steps 
of patterning and etching the gate material on the mesa and 
the fin; FIG. 24A defines a vertical section plane A A'; 

FIG. 25B shows a vertical section view of plane A A' 
illustrating some results of the steps of patterning and 
etching the gate material on the mesa and the fin; 

FIG. 26A shows a plan view of some results of the steps 
of encasing the mesa and the fin in oxide, patterning and 
etching the oxide to form holes for electrical contacts, and 
filling the holes with electrical contact material; FIG. 24A 
defines a vertical section planes A A' and B-B'. Plane A A' 
is through the centerline of the gates and gate electrical 
contacts. Plane B-B' is through the drains and drain elec 
trical contacts; 

FIG. 26B shows a vertical section view of plane A A' 
illustrating some results of the steps of encasing the mesa 
and the fin in oxide, patterning and etching the oxide to form 
holes, and filling the holes with electrical contact material; 

FIG. 26C shows a vertical section view of plane B-B' 
illustrating some results of the steps of encasing the mesa 
and the fin in oxide, patterning and etching the oxide to form 
holes, and filling the holes with electrical contact material; 

FIG. 26D shows a vertical section view of plane A A' 
illustrating some results of the step of forming an alternate 
embodiment of a fin drain electrical contact. 

DISCLOSURE OF THE INVENTION 

Accordingly, the present invention provides methods for 
concurrently fabricating fin-type field-effect transistors (Fin 
FETs) and thick-body FETS, also called thick body devices, 
on the same chip. Concurrent fabrication, as defined and 
used herein, means fabrication by a series of fabrication 
steps wherein at least one fabrication step uses one mask and 
at least one process associated with that mask for fabricating 
both a thick-body device and a FinPET. Efficiency is 
achieved by using concurrent masks and processes, when 
ever possible, to form the FinFETs and the thick-body 
devices. 

Devices are considered to be thick, or to be thick-body 
devices, when the thickness of the silicon upon which the 
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device is made is greater than that needed to form the source, 
drain, and gate-influenced regions of the transistor. Devices 
are thin, or fin-like, when their smallest dimension is the 
minimum lithographic dimension or Smaller. In thin devices, 
the transistor is typically formed through the entire thin 
dimension. That is, the source, drain, and gate-influenced 
regions can be contacted on either or both sides of the thin 
dimension of the device. 

FIG. 1A shows an example of an embodiment of a process 
100 for concurrently forming thick and thin devices on the 
same chip. Process 100 begins by patterning 101 a hard 
masked semiconductor substrate for both thin and thick 
structures. The Substrate is typically silicon-on-insulator 
(SOI) with a buried oxide insulator. Other substrates, as 
known in the art, may be used. The single pattern may create 
any arrangement of thin and thick devices: thin and thick 
devices do not have to be segregated on the chip. The active 
sidewalls are those which will be doped to form the sources 
and the drains for transistors. The details of patterning a hard 
mask are otherwise well known in the art of semiconductor 
fabrication. 

In step 102 of an example of an embodiment of a process 
100, the substrate is etched down to the buried oxide layer. 
The thin fins are typically thinner than the minimum litho 
graphic dimension. Chemical etching may be included 
within step 102 to achieve a fin thickness of less than 
minimum lithographic dimension. Those skilled in the art 
will appreciate that other methods for achieving Sub-mini 
mal lithographic dimensions may be used. 

In step 104 of an example of an embodiment of a process 
100, gate structures are formed on the fins and the thick 
body devices. Step 104 comprises forming a gate oxide, 
depositing a gate material Such as polysilicon, patterning the 
gate material, and selectively etching the gate material to 
achieve the desired shape and size. For the FinFETs of 
process embodiment 100, the gate material is etched to leave 
a thin block of gate material perpendicular to the fin and 
adjacent to both sides of the fin and adjacent portions of the 
buried oxide. A very thin gate oxide layer separates the gate 
material from the body. The top of the fin is insulated from 
contact with the gate by an insulating remnant of hardmask 
on the top of the fin. The gate material may be etched with 
a wider portion extended over the buried oxide to receive an 
electrical contact. The size and shape etched out of the gate 
material on the thick-body device depends on the type of 
device being formed. However the FET is created on the 
mesa, the gate is etched to divide the transistor's active 
Surface into at least two regions: Source and drain. 

In step 106 of an example of an embodiment of a process 
100, sources, drains, and gates for N-FET devices are 
formed by N+ doping of their respective regions via ion 
implantation through an implantation mask. In this embodi 
ment 100, Source and drain regions and gates for the fins and 
mesas are doped N+ concurrently. The pertinent regions of 
the various thin and thick-body devices on the chip are 
doped N+ in step 106. In most embodiments, the depth of 
ion implantation is the same for thin and thick devices. The 
depth used may depositions completely through the thick 
ness of the fins but not the mesas. In other embodiments, 
depth of ion implantation may be varied as to create the 
desired device behavior. Customizing ion implantation 
depth generally requires additional masks and steps. N-FET 
devices and P-FET devices differ also in their body doping. 
Body doping may be accomplished by ion implantation or 
by forming the semiconductor layer with pre-doped mate 
rial. P-FET devices are referred to as “complimentary 
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6 
devices' in reference to N-FET devices, and vice versa. The 
“N' or “P” designation may be referred to as the polarity of 
the N-FET or P-FET device. 

In step 107 of an example of an embodiment of process 
100, a complimentary mask is provided, and sources, drains, 
and gates for P-FET devices are formed by doping their 
respective regions via ion implantation through an implan 
tation mask. In steps 106 and 107, FinFET sidewalls, mesa 
FET sidewalls, and planar FETs on mesa tops may be 
implanted at the same time. In some embodiments, the order 
of steps 106 and 107 may be reversed. The doping may be 
accomplished by angled ion implantation. 

In step 108 of an example of an embodiment of a process 
100, the thin and thick devices are encased in oxide. The 
oxide is then planarized and holes are patterned and etched 
to receive electrical contact material to form electrical 
contacts with the gates, the sources and the drains. The 
electrical contact material may be tungsten or other Suitable 
metal as is known in the art. 

Another example of an embodiment of a process 130 
shown in FIG. 1B features the modified steps 114, 118 and 
122 of forming body contacts on the mesas and forming the 
electrical contacts 124 for the body contacts. Because the 
FinFETs are usually fully depleted, body contacts would be 
Superfluous and are ordinarily not used. In step 114, gate 
structures are formed for single-active-sidewall mesa FETs. 
Single-active-sidewall mesa FETs have a FET vertically 
scaled on one sidewall of the mesa. In most embodiments, 
the gate is formed on a gate oxide perpendicularly over the 
middle of the FET, dividing source and drain regions. The 
gate further rests on the top of the mesa and on the base 
oxide of the chip. 

In step 118, the sources, drains, and gates of the N-FET 
devices, as well as the body contacts of any complimentary 
(P-FET) devices, are doped N+ via ion implantation through 
an implantation mask. While the P+ body contacts are 
formed in step 122 for the mesa N-FETs, the sources, drains, 
and gates of the complimentary devices are also formed via 
ion implantation through an implantation mask. This is 
accomplished by selectively covering Sources, drains and 
gates of the mesa N-FET as well as the body contact region 
of any complimentary mesa FET with the implantation 
mask. For a single-active-sidewall mesa FET, the body 
contact is formed 118 by doping the mesa body through the 
inactive sidewall to form a body contact region adjacent to 
the body. The steps 110–112 of embodiment 130 are similar 
to the steps of the same name in process 100, but are adapted 
to the creation of body contacts. For example, the pattern of 
step 110 for a device using body contacts may be different 
from the pattern of the step 101 of a device that does not use 
body contacts. 

Step 124 includes the sub-steps of forming sidewall 
spacers on the vertical Surfaces of the gate and then growing 
a silicide layer over the exposed silicon surfaces of the 
thick-body devices and FinFETs to provide ohmic connec 
tions between the electrical contacts and the Sources, drains, 
gates, and body contacts. In an alternate embodiment in 
which FinFETs with body contacts are used, the FinFET 
body contact may be formed (deposited, planarized, pat 
terned, and etched) during the gate formation step 114 and 
doped during steps 118 and 122. In a variation of the 
alternative embodiment, the gate and the body contact may 
both be formed from one deposition of polysilicon wherein 
the gate and body contact are later differently doped. In 
another alternative, the FinFET body contact may be formed 
separately from the gate formation step 114. To complete 
step 124, the devices are encased in oxide which is pla 
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narized, patterned, etched to form holes and the holes are 
filled with metal to form the electrical contacts with the 
devices. 

Another example of an embodiment of the process 150, as 
shown in FIG. 1C, provides steps 152–164 specific to 
forming mesa FETS with two active sidewalls on the same 
chip with FinFETs. Steps 152 and 154 form, among other 
structures, mesas dimensioned specifically to be double 
sidewall FETs. Additional sub-steps may be required for the 
second sidewall FET, depending on the design of the specific 
doublesidewall FET. As with the other process embodi 
ments, the ion implantation steps (step 158 and step 160, in 
FIG. 1C) may be performed in reverse order. In step 158, the 
Source and drain regions, as well as the gate on a first mesa 
sidewall on each mesa and each FinFET, are all concurrently 
doped N+. Step 158 further comprises doping the source and 
drain regions and the gate on a second mesa sidewall. In 
some embodiments, the FinFETs may be masked during the 
second sidewall source, drain and gate doping 158 to prevent 
excessive doping of the FinFETs. Alternatively, the FinFETs 
can be masked during the first sidewall source, drain, and 
gate doping 158, and the FinFETs can then be doped 
concurrently with the second mesa Sidewall source and drain 
doping 158. Step 158 concurrently dopes the body contacts 
of any P-FET devices on the same chip. 

In yet another set of embodiments, the source and drain 
regions of the doublesidewall mesa FETs are doped in step 
158 to meet within the mesa to form a single, continuous 
Source region and a single, continuous drain region in each 
doublesidewall mesa FET. In a subset of double-sidewall 
mesa FETs with continuous source and drain regions, the 
source and drain are ion-implanted 158through one sidewall 
only, and the doping reaches completely through the width 
of the mesa. The body may be formed as an un-doped 
volume of the mesa body beneath the gate and between the 
two active sidewalls. In an alternative embodiment, the mesa 
may be doped as a body before the gates, Sources, and drains 
are formed and the portion of the mesa that remains as the 
body after step 158 retains the original body doping of the 

CSa. 

Step 160 is the P+ compliment of step 158. In step 160, 
the body contacts of N-FET devices on the chip are con 
currently doped 160. Note that the body contact of a 
double-sidewall mesa FET is typically through the top of the 
mesa, so an etching Sub-step is typically required. In an 
embodiment, the etching through the top hardmask to the 
mesa body to allow doping of a body contact region may be 
done as part of the gate etching step. 

Electrical contact access to the body is gained by pattern 
ing and etching a hole through the gate material and the 
hardmask and doping 160 the body portion thereby exposed 
for good ohmic connection with the electrical contact. The 
portion of the body doped for ohmic electrical connectivity 
is known as the body contact. Step 164 includes encasing the 
device in an insulating oxide, planarizing the oxide, pattern 
ing the oxide for electrical contact holes, etching the elec 
trical contact holes for the Source, drain, gate and body 
contact, and filling the electrical contact holes with electrical 
contact material Such as tungsten or other Suitable conductor 
as is known in the art. Source, drain, and gate electrical 
contacts for the FinFETs are also formed concurrently as 
part of step 164. 

FIG. 1D shows an example of an embodiment of a process 
170 specific to forming planar FETs without body contacts 
on mesa tops while forming FinFETs on the same chip. The 
pattern used in step 171 sets the dimensions for, among other 
structures, at least one mesa Suitable for having a planar FET 
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formed on the top surface of the mesa. The etching step 172 
includes removing the hardmask from the mesa tops but not 
from the tops of the fins. This is accomplished by depositing 
a block mask over the fins and etching away the hardmask 
on the exposed mesa tops selective to the block mask. The 
mesa top must be exposed for planar FET fabrication. The 
block mask over the fins is then stripped. 

In step 174, a gate oxide is grown on exposed silicon 
Surfaces. Growing the gate oxide may be achieved by a 
uniform growth method, a resist-based dual oxide, or N2 
ion-implant dual oxide process to get different oxide thick 
nesses on fins and mesa tops. Gate material is then deposited 
over the gate oxide. The gate material is next planarized, 
patterned, and etched to form the gate and remove the gate 
oxide except where it is covered by remaining gate material. 
Note that, because process 170 produces no body contacts, 
the gate forming-step 174, may be performed after doping 
steps 175 and 177. 
The N+ doping of Sources, drains, and gates, step 175, 

begins with the formation of a sacrificial oxide followed by 
ion implantation and stripping of the sacrificial oxide. In 
embodiment 170, step 175 concurrently dopes me body 
contacts of other types of P-FET thick body devices else 
where on the chip. 

Step 176 is the P+ compliment of step 175. In step 176, 
the Sources, drains, and gates of mesa-top planar P-FETs are 
doped concurrently with the body contacts of N-FET 
devices of other types of thick-body devices elsewhere on 
the chip. Note that the mesa-top planar FETs produced by 
process 170, like FinFETs, do not usually have body con 
tactS. 

Finally, in step 178, the chip is encased in an oxide, 
planarized, patterned for electrical contact holes, etched, and 
the etched holes filled with electrical contact material to 
make electrical contact with the sources, drains, and gates. 

FIG. 1E shows an example of an embodiment of a process 
180 for forming mesa-top FETs with body contacts. In step 
183, an 'H'-shaped gate structure is formed on the mesa top, 
dividing the mesa top into four regions. See FIG. 18A. The 
“H” comprises a crossbar and two sidebars generally per 
pendicular to the crossbar. The regions above and below the 
crossbar are the drain and source regions, respectively. The 
areas to the left and right of the vertical bars are the body 
contact regions. The patterning 181 and etching 182 steps 
may be adapted to Support this gate shape. In step 184, a 
block mask is opened for N+ doping of the sources and 
drains of the N-FET devices while the body contact regions 
of the N-FET devices are closed by a block mask and while 
the body contact regions of the P-FET devices are doped. In 
step 185, a block mask is opened for P+ doping of the 
sources and drains of the P-FET devices while the body 
contact regions of the P-FET devices are closed by a block 
mask and while the body contact regions of the N-FET 
devices are doped. Step 187 is adapted to the specific 
configuration of the 'H'-shaped gate to provide electrical 
contacts to the gates, sources, drains, and body contacts. 
The processes 100, 130, 150, 170, and 180 are intended to 

both produce thin and thick-body device concurrently and to 
be usable concurrently. Thus, a concurrent patterning step 
can include steps 101, 110, 152, 171, and 181. Likewise, 
concurrent etching, gate forming, ion implanting, and elec 
trical contacting steps are possible. Those of skill in the art 
will appreciate the many concurrent combinations of pro 
cesses 100, 130, 150, 170, and 180 that are possible. 

FIG. 2 shows an exemplary embodiment of a fabrication 
process 130 (FIG. 1B) for a thick-body device to be formed 
concurrently with FinFETs. Embodiment of a process 130 
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(FIG. 1B) begins with a SOI substrate 200, 204, and 202 
having a hardmask 208. The substrate comprises a wafer 
200, a buried oxide 204, and single crystal silicon 202 which 
is doped P-. Additional embodiments may use other sub 
Strates. 

FIG. 3 illustrates the result of patterning 110 (FIG. 1B) 
and etching 112 (FIG. 1B) the thick-body device in an 
embodiment of a process 130 (FIG. 1B). The result is a mesa 
of silicon 202 on the buried oxide 204 having a hardmask 
cap 208. Fin devices on the same substrate in the exemplary 
embodiment of the process 130 (FIG. 1B) are not shown, but 
appear much like the mesa, only thinner. FIGS. 3 through 
FIG. 12D show one single-sidewall mesa FET, a thick-body 
device, as representative of all similar devices on the chip. 

FIG. 4 diagrams some results of growing a gate oxide 306, 
depositing gate material 402, and depositing a gate hard 
mask 404 as part of step 114 (FIG. 1B). The view of FIG. 4 
is a vertical section through the portion of gate material 402 
that will ultimately become the gate structure: the portion 
over the middle of the mesa. The gate material 402 com 
pletely surrounds and covers the mesa 202, 208, and 306. 
The gate hardmask 404 covers the gate material 402. The 
gate material 402 may be polysilicon. This step also deposits 
gate material 402 and hardmask 404 on the fin structures on 
the same chip. 

FIG. 5 shows some results of patterning the gate hard 
mask 404, opening the hardmask 404, and etching the gate 
402. The view of FIG. 5 is a vertical section through the gate 
centerline. The resulting gate 402 contacts the active side 
wall of the mesa midway between the ends, thereby dividing 
the active sidewall into source and drain regions. A portion 
of the gate material 402 extends away from the mesa 202, 
208, and 306 on the buried oxide 204 to provide a connec 
tion point for the gate electrical contact. A portion of the gate 
402 extends over the top of the mesa 208. The process 
concurrently forms gates for the fins located elsewhere on 
the chip: gate material 402 is patterned and etched to remain 
in contact with the gate oxide on both sides of the fin (not 
shown, but same materials as 202 and 306). The fin gate 
material 402 is continuous over the top layer (same material 
as 208) of the fin, and gate material 402 contacts the buried 
oxide 204 on both sides of the fin. The formation of gate 
structures on the mesas and fins completes step 114 (FIG. 
1B) 

FIG. 6 shows some results of depositing a resist implant 
mask 602 and some results of N+ ion implantation as part of 
step 118 (FIG. 1B). The angle of the ion implantation is from 
the upper left in the vertical section view given in FIG. 6. 
The vertical section view of the gate 402, gate oxide 306, 
gate hardmask 404, and resist mask 602 is through the gate 
centerline. The vertical section view through the mesa is in 
a plane nearer the observer and not through the gate. Ion 
implantation changes most of the gate material to N-- 
polysilicon 402. A portion of the gate material 604 is 
typically not reached by the ion implantation. Portion 604 
may be implanted in some embodiments. The mask 602 for 
the N+ ion implantation of sources 606, drains 607 (see FIG. 
9B) and gates 402 also opens the body contacts of P-FET 
devices to N+ ion implantation. In an embodiment, Source 
606 and drain 607 (see FIG. 9B) regions are formed (step 
118 FIG. 1B) by the same N-- ion implantation step which 
dopes the gate 402. The process concurrently dopes the 
sources, drains, and gates of N-FinFETs: the resist implant 
mask 602, which also covers the fins, is open to the gate 
material 402 on both sides of the fins. Consequently, the 
same doping process does not create undoped regions like 
604 over the fins. The doping 118 (FIG. 1B) that creates 
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10 
source 606 and drain 607 (See FIG. 9B) regions in the mesa 
creates source and drain regions completely through the fins 
in the source and drain ends of the fins. The Source and drain 
ends of the fin are separated by the fin gate. 

FIG. 7 shows the result of removing the resist implant 
mask 602 (FIG. 6), depositing a new resist implant mask 
702, and implanting P+ ions from the upper right, as viewed 
in FIG. 7. Ion-implantation changes a portion of the P 
silicon mesa body 202 into a P+ silicon body contact 710. In 
an embodiment, the mask 702 descends over region 604 to 
cover a portion of hardmask cap 208, as shown in FIG. 7. In 
another embodiment, mask 702 ends at the right-hand edge 
of the gate hardmask 404. In this embodiment, a small 
portion of gate material 604 is unavoidably doped to become 
P+ gate material 708. The mask 702 for the P+ ion implan 
tation step 122 (FIG. 1B) of the body contact 710 is also 
open to the sources, drains, and gates of P-FET devices. The 
N-FinPETs may be masked by the resist implant mask 702 
during this step. The N-FinFETs usually do not have body 
contacts 710. In an alternate embodiment in which at least 
one FinFET does have a body contact, the FinPET body 
contact may be doped concurrently with the body contacts of 
the thick-body devices. 

FIG. 8 shows some results of beginning step 124 (FIG. 
1B) comprising removing the resist implant mask 702 (FIG. 
7), removing the gate hard mask 404, creating sidewall 
spacers 805 on the gate 402, and then growing a silicide 
layer 802 on the exposed silicon of the gate 402, the source 
606 and drain 607 (see FIG. 9B) regions, and the body 
contact 710. Exposed portions of gate oxide 306 are con 
sumed in this process, as is the P+ gate material 708 and 
perhaps the un-doped gate material 604. Silicide is also 
grown on the fins located elsewhere on the chip. The silicide 
growth process consumes Some of the silicon of the mesa 
710 and 606 and of the gate 402 in the thick-body device, 
and some of the fin and gate in the FinFETs. The formation 
of the silicide layer is a preliminary sub-step of step 124 
(FIG. 1B) 
FIG.9A shows some further results of step 124 (FIG. 1B), 

further comprising encasing the thick-body device in oxide 
904, planarizing the oxide 904, patterning and etching the 
oxide 904 to form holes for electrical contacts 902 and 903, 
and then forming the electrical contacts 902, 903, 1002 
(FIG. 9B) and 1004 (FIG. 9B) to the body contact 710, the 
gate 402, the source 606, and the drain 607 (FIG. 9B), 
respectively. In most embodiments, the electrical contacts 
902, 903, 1002, and 1004 are made of metal. The silicide 
layer 802 between the electrical contacts 903 and 904 and 
the gate 402 and body contact 710, respectively, provide 
ohmic connections between the metal electrical contacts and 
the semiconductor material. FIG. 9A has a sectional viewing 
plane (A-A) defined for use in FIG.9B. Electrical contacts 
are formed concurrently for the fins' sources, drains, and 
gates and, in an alternate embodiment, fin body contacts. 
The FinFETs do not usually have body contacts 710. In 
embodiments of an apparatus comprising FinFETs with 
body contacts, the electrical connections thereto would also 
be formed in step 124 (FIG. 1B). 

FIG. 9B shows the plan view defined by plane A A' in 
FIG. 9A. The thick-body device shown by example, other 
thick-body devices concurrently formed, and the concur 
rently formed fins are encased in an insulating oxide 904. 
The body of the transistor 202 is contacted along its length 
by body contact 710 which is connected electrically through 
the silicide layer 802 to the body electrical contact 902. The 
source and drain regions 607 and 606 are doped regions in 
the body 202 and have silicide 802 grown on their surfaces 
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as ohmic connections to the drain electrical contact 1004 and 
the source electrical contact 1002. The gate oxide 306 that 
is covered by the gate survived the silicide 802 formation 
process. The gate 402 makes ohmic contact with the body 
202 through the gate oxide 306. The gate 402 has undergone 
dimensional reduction due to the formation of the silicide 
802. Gate electrical contact 903 connects through the sili 
cide layer 802 in a plane below section plane A A'. 

In an alternate embodiment, the body electrical contact 
902 is formed through the top of the mesa. In FIG. 10, which 
illustrates the result of a step in this alternate embodiment, 
we take up where FIG. 4 of the original embodiment left off. 
FIG. 10 is a vertical section view through the centerline of 
the gate. In this alternate embodiment, the gate material 402 
and the gate hardmask 404 are patterned and etched to 
extend over the mesa 202 and 208. The N+ ion implantation 
doping of the gate material 402, source 606 (shown, in a 
plane nearer the viewer than the gate center line) and drain 
607 (not shown) (step 118 of FIG. 1B), and the P+ ion 
implantation doping of the mesa 202 (step 122 of FIG. 1B) 
then proceed as in the original embodiment but from oppo 
site sides in the view of FIG. 10. 

FIG. 11 shows the result of P+ doping the mesa (step 122 
of FIG. 1B). The P+ doping forms the body contact 710 
which contacts the body 202 on the side of the body 202 
opposite the active sidewall. Sidewall spacers 805 are then 
formed on the vertical surfaces of the gate 402. Next, a 
suicide layer 802 is formed over the exposed silicon surfaces 
on the thick-body device as shown as well as over the 
FinFETs and additional thick-body devices not shown in 
FIG. 11. Note that the mesa hardmask 208 is not consumed 
by the silicide 802 growth process. A portion of the gate 
oxide 306 which survived the silicide 802 formation process 
remains between the gate and the body 202, but is not 
significantly present elsewhere on mesa. In an embodiment, 
this step 185 (FIG. 1E) concurrently dopes the sources and 
drains of P-FETs elsewhere on the chip. In another embodi 
ment, this step 122 (FIG. 1B) concurrently dopes the sources 
and drains and gates of P-FETs elsewhere on the chip. 

FIG. 12A shows the device of FIG. 11 encased in pla 
narized oxide 904. The planarized oxide 904 has been 
patterned and etched to form holes for electrical contacts 
1152, 1154, 1002 (FIG. 12B), and 1004 (FIG. 12B). Note 
that the etching for the body contact electrical contact 1152 
penetrates the mesa hardmask 208 to reach the body contact 
710. The etched holes have been filled with tungsten or other 
suitable conductor to form electrical contacts 1152, 1154, 
1002 (FIG. 12B), and 1004 (FIG. 12B). The body contact 
electrical contact 1152 and the gate electrical contact 1154 
are illustrated in FIG. 12A. The formation of the electrical 
contacts 1152, 1154, 1002 (FIG. 12B), and 1004 (FIG. 12B) 
completes step 187 (FIG. 1E). Two horizontal sections are 
defined in FIG. 12A as A A' and B-B'. 

FIG. 12B shows the B-B' horizontal section defined in 
FIG. 11B with electrical contacts for the source 1004 and 
drain 1002 added. Silicide layer 802 provides an ohmic 
contact for the source 607 and drain 606 regions to their 
electrical contacts 1004 and 1002. A widened portion of the 
gate 402 over the buried oxide serves as the connection point 
for the gate electrical contact (above this section plane). The 
thin portion of gate material 402 between the widened 
portion and the gate oxide 306 may be of minimum litho 
graphic dimension or less. This same width of gate material 
402 makes contact up the vertical face of the active sidewall 
of the mesa (on the right, in the view of FIG. 12B). The body 
contact 710 contacts the body 202 along its length and 
height. Source 607 and drain 606 regions have been doped 
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into the body 202 and a silicide layer 802 grown into the 
Source 607 and drain 606. FIG. 12B defines vertical Section 
plane FF' which is the section plane of FIG. 12A. 

FIG. 12C shows horizontal section A A' as defined in 
FIG. 12A with electrical contacts 1002, 1004, 1152, and 
1154 for the drain, Source, body contact, and gate contact, 
respectively. Note that the gate has been formed to divide the 
mesa top into three regions corresponding to electrical 
contacts for the source 1004, drain 1002, and body contact 
1152. Sidewall spacers 805 are formed on the vertical 
surfaces of the gate 402. Silicide 802 is formed on the 
exposed silicon Surfaces of the gate structure 402, the mesa 
active sidewall 606 and 607 (hidden in FIG. 12C and 
denoted by dashed vertical line along right-hand side of 
mesa; shown in FIG. 12B), and the body contact 710 
sidewall (FIG. 12B) Source and drain electrical contacts 
1004 and 1002 make an ohmic connection to their respective 
regions through silicide 802. 
The device is encased in oxide 904 which is planarized, 

patterned, and etched to form holes for electrical contacts 
1152, 1002, 1004, and 1154. To make the body electrical 
contact 1152, the mesa hardmask 208 is patterned and etched 
to deepen the body electrical contact hole in the oxide 904 
and etch down to the body contact 710 (below the horizontal 
section plane of FIG. 12C). The portion of body contact 710 
exposed by the hole is doped to provide an ohmic connection 
for the electrical contact 1152. The hole is then filled with 
metal to form the electrical contact 1152. Holes in the 
insulating encasing oxide 904 for the sources drains, and 
gates, and for the electrical contacts for the other thick-body 
devices and for the fins are patterned in a sub-step of step 
124 (FIG. 1B) and etched in a sub-step of step 124 (FIG. 
1B). FIG. 12C defines two vertical section planes: D-D' and 
E-E'. Plane E-E' is the plane viewed in FIG. 12A. Plane 
D-D' is the plane viewed in FIG. 12D. FIG. 12D shows the 
doping interior to the mesa in detail. The body contact 710 
may be created by ion-implantation doping from the upper 
left, in the view of FIG. 12D. Drain region 606 may be 
formed by ion implantation doping from the upper right, in 
the view of FIG. 12D. Silicide 802 is grown after ion 
implantation of the source 607 (FIG. 12B) drain 606, and the 
gate 402. After the silicide 802 is grown, oxide 904 is 
deposited, planarized, and etched to form holes for electrical 
contact 1002, as well as electrical contacts 1004, 1152, and 
1154 (FIG. 12C). The hole is filled with electrical contact 
material Such as tungsten or other metal to form the elec 
trical contact 1002 for the source 606. Electrical contact 
1002 has an ohmic electrical connection with the source 606 
through the silicide layer 802. 

In an exemplary embodiment of the process 170 (FIG. 
1D), a planar FET is formed on a mesa top concurrently with 
the formation of a FinFET elsewhere on the chip. FIG. 13 
shows some results of patterning 171 (FIG. 1D) and etching 
172 (FIG. 1D) an SOI substrate (200, 204, 202, and 208), 
such as the one shown in FIG. 2, to form a mesa 1301 and 
a fin 1303. Each has a remnant of hardmask 208 above a 
silicon body 202, on a base oxide 204 on a wafer 200. 

FIG. 14 shows further results of step 172 (FIG. 1D) of an 
exemplary embodiment of the process 170 (FIG. 1D) of 
encasing the fin 1303 in a block mask 1202 and selectively 
etching the hardmask 208 from the mesa 1301. This exposes 
the top surface of the mesa 202 upon which a planar FET 
will be formed. In embodiment 170 (FIG. 1D), step 172 
(FIG. 1D) is completed when the block mask 1202 is 
stripped away. 

In step 174 (FIG. 1D), the planar mesa FET 1301 is 
masked while gates are formed for at least one mesa sidewall 



US 7,163,851 B2 
13 

FET device. In an alternate embodiment, the mask for step 
174 (FIG. 1D) may include the block mask 1202. 

FIG. 15 shows some results of further steps of an exem 
plary embodiment of the process 170 (FIG. 1D) in a vertical 
section through the drain region of the mesa 1301 and the fin 
1303. The further steps comprise stripping the block mask 
1202 (FIG. 14) from the fin 1303 to complete step 172 (FIG. 
1D), growing a sacrificial oxide (not shown) to begin steps 
175 (FIG. 1D), ion-implanting the source (not shown) and 
drain 1506 region (step 175, FIG. 1D) on the mesa 1301 top 
and on the fin 1303 side 1508 through a block mask (not 
shown), stripping the sacrificial oxide (not shown) and 
growing a gate oxide 1304. The source and drain 1506 
implants may be done concurrently on the fin 1303 and mesa 
1301. In an embodiment of the method, the fin 1303 is 
masked for customized ion implantation of the mesa 1301 
and then the mesa 1301 is masked for customized ion 
implantation of the fin 1303. In another embodiment of the 
method, the mesa 1301 is masked first while the fin 1303 is 
implanted and then the fin 1303 is masked while the mesa 
1301 is implanted. In yet another embodiment, gates are 
formed for both the fin and the mesa-top planar FET before 
ion implantation. In a variation of that embodiment, the 
Source, drain, and gate of the fin and mesa-top planar FET 
are doped through the same mask. 

FIG. 16 shows the fin 1303 and mesa 1301 during step 
177 (FIG. 1D) with the gate material 1402 deposited and 
planarized. The view of FIG. 16 is of a vertical section plane 
though what will become the centerline of the gate. Note that 
the fin 1303 retains its hardmask cap 208 and that the gate 
oxide 1304 covers both sides of the fin 1303 and the sides 
and the top of the mesa 1301. 

FIG. 17 shows the fin 1303 and mesa 1301 with patterned 
and etched gates 1504 and 1502, respectively. The etched 
gates 1502 and 1504 are thin structures generally perpen 
dicular to the mesa and fin, respectively. FIG. 17 represents 
the completion of step 177 (FIG. 1D). 

FIG. 18 shows a plan view of the fin 1303 and mesa 1301 
showing the fin 1303 and mesa 1301 encased in oxide 1650. 
The oxide 1650 has been planarized, patterned and etched to 
form holes for the planar mesa FET source electrical contact 
1604, planar mesa FET drain electrical contact 1602, the 
planar mesa FET gate electrical contact 1609, the FinFET 
gate electrical contact 1606, FinFET source electrical con 
tact 1603, and the FinFET drain electrical contact 1601. The 
top of the mesa is covered in a gate oxide 1304 which is 
partially covered by the gate 1502. In another embodiment, 
exposed gate oxide layer 1304 is etched away to expose the 
body 202 (FIG. 17) prior to the deposition of the encasing 
oxide. The top of the fin 1303 is a remnant of the hardmask 
208 that is original to the substrate. The hardmask remnant 
208 is partially overlaid by the gate 1504. The extension of 
the mesa gate 1502 is to provide a connecting point for the 
gate electrical contact 1609. Likewise, the fin gate 1504 is 
extended outward from the body to provide a connecting 
point for the fin gate electrical contact 1607. FIG. 18 
represents the completion of step 178 (FIG. 1D). 

In yet another exemplary embodiment of the process 180 
(FIG. 1E), the gate for the mesa-top planar FET is formed 
before ion-implantation of the sources and drains. FIG. 18A 
shows a plan view of an exemplary embodiment of a 
mesa-top FET 1321 with body contacts 1800 and a concur 
rently formed FinFET 1303, all encased in oxide 1650. The 
gate 1502 is “H'-shaped to divide the top of the mesa into 
four regions. To the left and right of the gate 1502 side bars 
lie body contacts 1800. The gate 1502 is formed in step 183 
(FIG. 1E), after steps 181 and 182 (FIG. 1E), as adapted to 
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this embodiment 180. Step 183 (FIG. 1E) includes growing 
a gate oxide 1304 on the mesa top prior to deposition of the 
gate material. A portion of the gate 1502, as finally etched in 
step 183 (FIG. 1E), extends beyond the edge of the mesa top 
to contact the gate oxide on the side of the mesa and rest 
upon the substrate 204 (FIG. 17). The electrical contact 1609 
for the gate 1502 is formed by etching a hole in the encasing 
oxide 1650 and filling the hole with tungsten or similar 
electrical conductor as known in the art. 

Step 184 (FIG. 1E) uses a block mask that opens the 
middle portion of the mesa top device and the FinFET to ion 
implantation. For an N-FET, the source 1802, drain 1506, 
and gate 1502 are doped N+ in step 184 (FIG. 1E). At the 
same time, the P-FET body contacts are doped. The block 
mask opening does not completely open the entire gate 
1502, leaving the left and right edges of the “vertical bars 
of the 'H'-shaped gate partially covered. Angled ion 
implantation will still dope substantially all of the gate 1502. 
In step 185 (FIG. 1E) the gate, source, and drain regions of 
the mesa-top N-FET 1321 are closed by a block mask and 
the body contact 1800 regions are opened for P+ doping. At 
the same time, the gate, Source, and drain regions of mesa 
top P-FETs are doped P+. Other thick body FETS, as 
disclosed elsewhere herein, and FinFETs are concurrently 
doped during steps 184 and 185 (FIG. 1E), as appropriate for 
their FET types. 

Step 187 (FIG. 1E) includes forming a silicide layer over 
the exposed doped silicon 1800, 1506, and 1802 on the top 
and sides of the mesa (not shown in FIGS. 18A-D). This 
silicide layer provides ohmic connection for the electrical 
contacts 1602, 1604, 1609 and 1800 for the source 1802, 
drain 1506, gate 1502, and body contacts 1800, respectively. 
FIG. 18B is a plan view of a body-contacted mesa FET 1321 
showing section lines G-G and H-H". FIG. 18C is the 
vertical section view of section G-G". The body 1830 lies 
beneath the gate 1502 and the gate oxide 1304. The body 
1830 is the portion of the mesa not doped by the ion 
implantations which create the body contacts 1800 and then 
create the gate 1502, source 1802, and drain 1506. The 
electrical contacts 1810 are formed by etching holes in the 
encasing oxide 1650 and filling the hole with tungsten or 
similar electrical conductor as known in the art. Electrical 
contacts 1810 make ohmic connection through the silicide 
layer (not shown) covering the body contacts. FIG. 18D 
shows vertical section H-H through the drain 1506. The 
electrical contacts 1604 and 1602 (FIG. 18B) are formed by 
etching holes in the encasing oxide 1650 and filling the hole 
with tungsten or similar electrical conductor as known in the 
art. The body 1830 also underlies the side-bars of the gate 
1502 as well as the crossbar (FIG. 18C). In some embodi 
ments, the electrical contacts 1810 connect in a connection 
plane above the device shown in FIG. 18D). 
A fourth exemplary embodiment of a process 150 (FIG. 

1C) concurrently produces a FinFET and a double-sided 
mesa FET. The embodiment 150 (FIG. 1C) begins with a 
substrate 200, 204, 202, 208, and 206, as shown in FIG. 19, 
having a hardmask consisting of an oxide layer 208 on the 
single crystal silicon 202 and a nitride layer 206 on the oxide 
layer 208. The oxide layer 208 may be a tetraehtyl oxisilate 
(TEOS) oxide. The buried oxide layer 204 beneath the 
single-crystal silicon 202 is grown on the silicon wafer 200. 
Other similar substrates may be used in additional embodi 
mentS. 

FIG. 20 shows the result of additional steps in an embodi 
ment 150 (FIG. 1C) of the process wherein the nitride layer 
206 has been patterned per step 152 (FIG. 1C) and the nitride 
layer 206 and the oxide layer 208 have been selectively 
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etched (still step 152, FIG. 1C) to the single crystal silicon 
layer 202 to form a thin structure 1801 and a thick structure 
1802. In an embodiment 150 (FIG. 1C), the width of the thin 
structure 1801 is the minimum lithographic dimension. 

FIG. 21 shows some results of chemically undercutting 
the oxide layer 208 without reacting the nitride layer 206 or 
the single-crystal silicon layer 202. The purpose of the 
chemical undercutting is to achieve a fin 1801 thickness of 
less than the minimum lithographic dimension. The method 
leaves an oxide 208 strip on the single crystal silicon 202, 
the oxide 208 strip having a nitride 206 cap. The reduction 
in the size of the mesa 1802 oxide 208 strip is unavoidable 
and can be compensated for by patterning the mesa 1802 
hardmask 206, 208 larger than the final desired size. Because 
chemical undercutting is performed to create a pattern for 
the width of the fin 1801, these actions are included in the 
patterning step 152. 

FIG. 22 shows some results of selectively etching away 
the nitride 206 (FIG. 20) caps and leaving the oxide 208 
strips on the single-crystal silicon 202. These strips define 
the dimensions of the fin 1801 and mesa 1802 in subsequent 
steps. As such, etching away the nitride cap is the final 
sub-step of step 152 (FIG. 1C). 

FIG. 23 shows some results of etching 154 (FIG. 1C) the 
single-crystal silicon 202 selective to the top oxide layer 208 
down to the buried oxide 204. The etching step 154 (FIG. 
1C) forms a fin 1801 with a thickness less than minimal 
lithographic dimension and a mesa 1802. Transistors will 
next be formed on three surfaces: one sidewall of the fin 
1801 and two sidewalls of the mesa 1802. 

FIG. 24 shows some results of growing a gate oxide 2204 
and depositing gate material 2202 over the fin 1801 and 
mesa 1802. Thus begins step 156 (FIG. 1C): forming the 
gate structures. Gate oxide 2204 will provide ohmic contact 
between the gate material 2202 and the body 202. 

The gate material 2202 is concurrently patterned and 
concurrently etched to achieve the correct size and shape, 
completing step 156 (FIG. 1C). The sources and drains are 
formed concurrently by ion implantation, completing step 
158 (FIG. 1C). In an embodiment, step 158 concurrently 
dopes the sources and drains of other N-FETs on the same 
chip as well as body contacts of other P-FET devices on the 
same chip. 

FIG. 25A shows a plan view of the fin 1801 and the mesa 
1802. From the plan view of the fin 1801, the gate material 
2202 and the top oxide 208 are visible. The result of 
patterning and etching the gates 2202 (part of step 156, FIG. 
1C) can be seen in FIG. 25A. From the plan view of the mesa 
1802, the gate material 2202 and the top oxide 208 are also 
visible, along with a view of the mesa body 202 as seen 
through a hole etched through the gate material 2202 and 
through the top oxide 208 to the mesa body. The hole 
provides a means for making an electrical connection with 
the body 202. At the point of contact on body 202, the 
single-crystal silicon body 202 is doped in step 160 (FIG. 
1C) to create a body contact. FIG. 25A defines a vertical 
section A-A which is illustrated in FIG. 25B. 

Referring to FIG. 25B, the fin 1801 is double-gated by the 
gate material 2202 adjacent to both sides of the fin making 
electrical contact through the gate oxide 2204 on both sides 
of the fin 1801, and so requires no body contact. The gate 
2202 contacting the mesa 1802 provides a common gate for 
the FETs on the two sidewalls. The FETs on opposite mesa 
1802 sides are electrically in parallel, forming a higher 
powered FET than either a single-sidewall FET or a FinFET. 

FIG. 26A shows, in embodiment of the process 150 (FIG. 
1C), a plan view of some results of encasing the devices 
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1801 and 1802 in oxide 2302, planarizing the oxide 2302, 
patterning the oxide 2302 for holes for electrical contacts, 
etching the holes, and filling the holes with metal or other 
suitable conductors to form electrical contacts 2304, 2306, 
2308, 2310, and 2312 to the gates, sources, drains and the 
body contact on the thick-body device 1802 (Step 164, FIG. 
1C). FIG. 26A defines a vertical section A-A which is 
shown in FIG. 26B. 

Referring to FIG. 26B the FinFET gate electrical contact 
2304, the body contact electrical contact 2310, and the 
double-sidewall mesa FET gate electrical contact 2308 are 
shown in cross section. The fin 1801 gate electrical contact 
2304 contacts a portion of the gate 2202 that is deposited on 
the buried oxide 204. The body electrical contact 2310 
penetrates the gate 2202 and the hardmask remnant 208 to 
reach the portion of the body 202 which has not been doped 
as a source or a drain. In the vertical A-A plane, mesa body 
202 and fin body 202 are unaffected by source and drain ion 
implantation. 

FIG. 26A also defines a vertical section B-B through the 
drain 2210 regions of the fin 1801 and the double-sidewall 
mesa FET 1802. FIG. 26C shows the vertical Section 
through the drains 2210. Referring to FIG. 26C, the fin 1801 
source contact 2306 (hidden behind 2312 in this view, see 
FIG. 26A) and drain contact 2312 are based partially on the 
buried oxide 204 and partially on the hardmask remnant cap 
208 on top of the fin 1801. The fin 1801 source contact 2306 
and drain contact 2312 make contact with the vertical face 
of the fin over the source and drain regions, respectively. A 
silicide layer may be grown on exposed silicon Surfaces of 
the fin 1801 and mesa 1802 as a first sub-step in step 164 
(FIG. 1C) to ensure ohmic contacts for the electrical contacts 
2304, 2306, 2307, 2308, 2310, 2312, and 2313. The thick 
body device 1802 has a drain contact 2313 which penetrates 
the hardmask remnant 208 to contact both drain regions 
2210 (left and right, as viewed) in the single-crystal silicon 
substrate 202. The thick-body device 1802 also has a source 
electrical contact 2307 that penetrates the hardmask remnant 
208 to contact both source regions (left and right, out of 
view) in the single-crystal silicon substrate 202. The FET on 
the right sidewall of mesa 1801 and the FET on the left 
sidewall of mesa 1801, are electrically connected at the 
Sources, drains, gates, and body. Consequently, the FETs 
operate in parallel as a higher-powered FET. In an embodi 
ment, the source and drain regions of the opposite sidewall 
FETs meet. In such an embodiment, the view of FIG. 26C 
would show no silicon 202 between drain regions 2210, 
which would appear as a single region completely across the 
widht of the mesa. 

FIG. 26D shows an alternate embodiment a fin source or 
drain electrical contact 2314 which contacts both sides of the 
Source or drain region of the fin. 
Those skilled in the art will appreciate that combinations 

and variations of the four illustrated embodiments can be 
made to allow creation of FinFETs, single-sidewall body 
contacted mesa FETs, double-sided body-contacted mesa 
FETs, and planar mesa-top FETs on the same chip. For 
example, embodiments of the processes 130 (FIG. 1B, 
single-sidewall body-contacted mesa FET) and 170 (FIG. 
1D, mesa-top planar FETs) can be altered to form the gate 
before the sources and drains are ion-implanted, thereby 
allowing a common gate-formation step for all four of the 
exemplary embodiments on one chip. Likewise, a Sub-step 
required for only one embodiment can be achieved at Some 
cost to efficiency by masking all other embodiments while 
the unique Sub-step is executed. Those skilled in the art can 
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vary and combine embodiments of the devices on a single 
chip within the bounds of the present invention. 
We claim: 
1. A method of fabricating an integrated circuit chip 

having at least one fin-type field effect transistor and at least 
one thick-body device, the method comprising at least one 
stop using a mask and a process associated with the mask to 
concurrently fabricate the at least one fin-type field effect 
transistor and the at least one thick-body device. 

2. The method of claim 1, further comprising: 
providing a hard-masked semiconductor Substrate wafer; 

and 
patterning the semiconductor Substrate wafer, and 
patterning the semiconductor Substrate to concurrently 

form at least one narrow fin structure and at least one 
thick mesa structure on the wafer, the fin structure 
having first and second parallel sidewalls, the mesa 
having a top Surface and third and fourth parallel 
sidewalls. 

3. The method of claim 1, comprising the steps of: 
a) etching a semiconductor Substrate to concurrently 

create at least one fin having a top and sidewalls and at 
least one mesa structure having a top and sidewalls; 

b) forming gate structures concurrently on the at least one 
finand on at least one mesa, the gate structures defining 
areas for forming at least one source and at least one 
drain on the at least one finand on the at least one mesa: 

c) forming source and drain regions concurrently on the at 
least one fin and on the at least one mesa in said areas 
defined by the respective gate structures; 

d) forming electrical contacts concurrently to the gate, 
source, and drain of the at least one fin and to the gate, 
Source, and drain of the at least one mesa. 

4. The method of claim 1, further comprising the steps of: 
a) doping a source, a drain, and a gate of the at least one 

fin-type field effect transistor concurrently with doping 
a source, a drain, and a gate of the at least one 
thick-body device and further concurrently doping a 
body contact of at least one complimentary device; and 

b) doping a body contact of the at least one thick-body 
device concurrently with doping a source, a drain, and 
a gate of the at least one complimentary device. 

5. The method of claim 4, adapted to creating a single 
sidewall thick-body device, the method comprising the steps 
of: 

a) providing a hard-masked semiconductor Substrate 
wafer; 

b) patterning the semiconductor Substrate to form at least 
one narrow fin structure and at least one thick mesa 
structure on the wafer, the fin structure having first and 
second parallel long sidewalls, the mesa having a top 
Surface and first and second parallel long side walls; 

c) conformally depositing a gate material on the at least 
one fin and the at least one mesa: 

d) concurrently patterning a gate on the first and second 
longsidewalls of the at least one fin structure and a gate 
on the first long sidewall of the at least one mesa 
Structure: 

e) concurrently etching a gate on the at least one fin 
structure and a gate on the at least one mesa structure; 

f) concurrently doping: 
a source region and a drain region on at least one long 

sidewall of the at least one fin; 
a gate on the at least one fin; 
a source region and a drain region on at least one long 

sidewall of the at least one mesa; and 
a gate on the at least one mesa, 
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g) doping a body contact region in the at least one mesa 
by ion-implantation through the second long sidewall; 

h) simultaneously forming a silicide on the at least one 
fin-type device and the at least one mesa-type device 
semiconductor Surfaces; 

i) encasing the wafer in oxide and planarizing the oxide; 
and 

j) concurrently forming electrical contacts to the gates, 
Sources, drains, and body contact regions of each 
fin-type device and each mesa-type device. 

6. The method of claim 4, adapted to creating a double 
sided field effect transistor, the method comprising the steps 
of: 

a) providing a hard-masked semiconductor Substrate com 
prising a nitride cap layer on a TEOS layer on a single 
crystal silicon layer on a buried oxide layer on a silicon 
wafer; 

b) concurrently patterning the nitride and TEOS layers to 
form images of the at least one fin structure having a 
minimum lithographic thickness and the at least one 
mesa, 

c) concurrently narrowing the thickness of the at least one 
fin and the at least one mesa by chemically undercut 
ting the nitride cap; 

d) concurrently stripping the nitride caps; 
e) transferring the image of the TEOS layer into the 

silicon layer using reactive ion etching to concurrently 
form the at least one fin structure and the at least one 
mesa structure on the Substrate, the at least one fin 
structure having first and second parallel long side 
walls, the at least one mesa having a top surface and 
first and second parallel long side walls; 

f) forming a gate on a gate dielectric on a middle portion 
of the long sidewalls and top of the at least one fin 
structure and concurrently forming a gate on a gate 
dielectric on a middle portion of the long sidewalls and 
top of the at least one mesa structure, the gate structures 
extending outward from the at least one fin structure 
and the at least one mesa structure onto the buried oxide 
of the substrate; 

g) doping a source and a drain into the at least one fin 
structure concurrently with doping a source and a drain 
into the first and second long sidewalls of the at least 
one mesa structure, the source and the drain being 
separated on the first long sidewall of the at least one 
fin structure by the fin gate structure and the Source and 
the drain being separated on each long sidewall of the 
at least one mesa structure by the mesa gate structure, 
wherein the gates are concurrently doped with the 
Sources and drains, thereby forming at least one fin 
type field effect transistor and at least one thick-body 
device; 

h) forming a body contact through the top of the at least 
one thick-body device; 

i) encasing the wafer in oxide and planarizing the oxide; 
and 

j) concurrently forming electrical contacts to the gates, 
Sources, drains, and the at least one body contact. 

7. The method of claim 4, adapted to creating a planar 
field effect transistor on a mesa top, the method comprising 
the steps of: 

a) providing a hard-masked semiconductor Substrate 
wafer; 

b) patterning the semiconductor Substrate to concurrently 
form at least one narrow fin structure and at least one 
thick mesa structure on the wafer, the fin structure 
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having first and second parallel long sidewalls, the 
mesa having a top surface and first and second parallel 
long side walls; 

c) preparing the top of the at least one mesa by: 
(1) block masking the at least one fin; 
(2) etching, selective to the block mask, the hardmask 

off of the top of the at least one mesa; and 
(3) Stripping the block mask; 

d) growing a gate oxide concurrently on the top of the at 
least one mesa and on the long sidewalls of the fin; 

e) depositing gate material concurrently on at least one fin 
and on the at least one mesa: 

f) planarizing the gate material concurrently on the at least 
one fin and on the at least one mesa: 

g) patterning the gate structure concurrently on the at least 
one fin and on the at least one mesa: 

h) etching the gate structure concurrently on the at least 
one fin and on the at least one mesa: 

i) concurrently ion implanting: 
1) Source and drain walls on the top of the at least one 

mesa, 
2) the gate of the at least one mesa: 
3) the Source and drain regions of the at least one Fin; 
4) the gate of the at least one fin; and 
5) the body contacts of complimentary devices: 

j) concurrently ion implanting: 
1) body contacts on the top of the at least one mesa: 
2) at least one source, at least one drain, or at least one 

gate on the at least one complimentary device; 
k) forming a silicide concurrently on the exposed semi 

conductor Surfaces of the at least one fin and at least 
one mesa, 

1) encasing the wafer in oxide and planarizing the oxide; 
and 

m) concurrently forming electrical contacts to the: 
1) gate, Source, drain, and body contact on the top of the 

at least one mesa; and 
2) gate, Source, and drain of the at least one fin; and 
3) body contact on at least one other device on the 

wafer. 
8. The method of claim 2, further comprising: 
a) block masking the at least one fin structure; 
b) etching, selective to the block mask, the hardmask off 

of the top of the at least one mesa structure; and 
c) stripping the block mask; 
d) ion implanting source and drain regions concurrently 

on the top of the at least one mesa and on at least one 
of the first parallel sidewall of the fin structure and the 
second parallel sidewall of the fin structure; 

e) growing a gate oxide concurrently on the top of the at 
least one mesa structure and on both of the parallel 
sidewalls of the fin structure; and 

f) depositing gate material concurrently on the top and 
both parallel sidewalk of the at least one fin structure 
and the at least one mesa structure. 

9. The method of claim 8 further comprising: 
a) planarizing the gate material concurrently on the at 

least one fin structure and on the at least one mesa 
Structure: 

b) patterning gate structures concurrently on the at least 
one fin structure and on the at least one mesa structure; 

c) etching the gate structures concurrently on the at least 
one fin structure and on the at least one mesa structure; 
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d) encasing the wafer in oxide and planarizing the oxide; 

and 
e) concurrently forming electrical contacts to the gate, 

Source, and drain on top of the at least one mesa and to 
the gate, source, and drain on at least one other device 
on the wafer. 

10. The method of claim 9, wherein fabricating further 
comprises: 

forming a gate, a source, and a drain on at least one 
sidewall of the at least one mesa: 

forming a gate, a Source, and a drain on a sidewall of the 
at least one fin; and 

forming a body contact in the body of the thick-body 
device. 

11. The method of claim 9, wherein the step of forming 
electrical contacts further comprises the step of forming at 
least one electrical contact to at least one body contact. 

12. The method of claim 11 wherein the step of forming 
at least one electrical contact to at least one body contact 
comprises forming an electrical contact with an ohmic 
connection to the inactive sidewall of the body-contact 
doped mesa. 

13. The method of claim 11 wherein the step of forming 
at least one electrical contact to at least one body contact 
comprises forming an electrical contact with an ohmic 
connection to the body-contact-doped mesa through a hole 
in the top of the mesa. 

14. The method of claim 9 wherein the steps of patterning 
and etching the at least one fin and the at least one mesa on 
the substrate comprise the steps of: 

patterning the at least one fin and the at least one mesa on 
a dual-layer hardmask; 

etching through both layers of the dual-layer hardmask 
selective to a semiconductor layer of the substrate; 

chemically etching the lower layer of the dual-layer 
hardmask, selective to the semiconductor layer and the 
upper hardmask layer, to achieve a lower-level hard 
mask fin thickness of less than minimal lithographic 
dimension; 

etching away the upper layer of the hardmask selective to 
the lower layer and the semiconductor; and 

vertically etching the semiconductor layer selective to the 
lower layer of the hardmask to form at least one finand 
at least one mesa. 

15. The method of claim 10 wherein the step of forming 
a gate, a source, and a drain on at least one sidewall of the 
at least one mesa comprises forming a gate, a source, and a 
drain on each of two opposite sidewalls of the mesa, the gate 
further being sized and shaped conformally over the top of 
a mesa hardmask to bridge the two sidewall gates together 
physically and electronically. 

16. The method of claim 10, wherein the step of forming 
the body contact in the mesa further comprises the steps of: 

a) doping the mesa through the mesa sidewall opposite an 
active mesa sidewall; 

b) forming silicide on the doped mesa sidewall and top of 
the body contact to enable an ohmic connection with an 
electrical contact; and 

c) forming an electrical contact to the silicide on the body 
contact concurrently with the formation of the electrical 
contacts to the gate, Source and drain. 

17. The method of claim 10, wherein forming the gate 
comprises patterning and etching the gate material on the top 
of the mesa to divide the top of the mesa into three regions: 
Source, drain, and body contact. 

18. The method of claim 17, wherein the step of forming 
the body contact comprises: 
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patterning and etching a hole through the mesa hardmask 
to the body of the mesa; and 

doping the body through the hole in the mesa hardmask to 
form a body contact. 

19. The method of claim 15, wherein the step of forming 
a gate over the top of the mesa hard mask further comprises 
the steps of patterning and etching a hole through the gate 
material and through the mesa hardmask to expose a body of 
the field effect transistor. 

20. The method of claim 15, wherein the steps of forming 10 
the source and drain regions comprises doping the Source 
regions and drain regions Sufficiently deep into the at least 
one mesa that a first electrical contact through a first hole in 
the mesa hardmask makes a connection with both sources 

22 
and a second electrical contact through a second hole in the 
top of the mesa hardmask makes a connection with both 
drains. 

21. The method of claim 15 further comprising: forming 
a gate having a portion extending outward from the mesa 
active sidewall, the extended gate sized and shaped to have 
a widened end to receive an electrical contact, the widened 
end resting on buried oxide. 

22. The method of claim 19, wherein the step of forming 
a body contact comprises the step of doping the exposed 
body of the field effect transistor through the hole in the gate 
and the mesa hardmask. 


